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ABSTRACT: 

An optical encoder of the present invention includes a first diffraction grating and a second 
diffraction grating which is displaceable relative to the first diffraction grating to detect the relative 
displacement The second diffraction grating has a grating pattern which removes a component 
having a period which is a factor of 1/n (n: a positive odd number) of the period of a displacement 
signal representing the relative displacement In the optical encoder according to the present 
invention, higher harmonic components are cancelled by adding the amounts of light which 
passes through the grating portions whose phase differs by a predetermined distance. 
Consequently, a non-distorted displacement signal can be obtained. 



©4kmftWf&n (a) ¥3-48122 

G 01 D 5/36 S 7015-2F 

W 7015-2F 

@ft m ¥1-183871 

@tH m ¥ 1 (1989) 7 JU7B 

W m WL ftfc » ^*»38a*nBTF/>n5Ti25»»a>l 

@aj IB A ftMttJzffimJLm g^m**Mm^bEiti5riTi32#ife 



ng KB 3 

2. & iifr 3S # <D 3o 09 

# # sc la * s 55 2 <o toi # w * t * # ^ * 8t & ft 

jgjuio l/n(nttjE<b^»M&<OfgHHJ**>*& 

j . ft £28 2olsJifr*&*csn*6nT^*»-jP 
ffl j[ <o <a * m s # i ©©ifr***©*? * <o 

-ttc*iaffifti-s#ia^a»t€>nfcS5*^2 



C £ © <D 3fc ¥ *t ^ 

tt. 

leljrr^TF-otv ^<oi/6j/io,Vi5 -5 o -f 6 tt 

— ts c ifetcsc & tsf-n* 1 a <te>nfc is # # * 

6. ffiI!^^3^2<o0^»^caite > nrv^*«^-? 
<0iSififiBfc#UTtt;tgtfffl&m i <o @ tfr # <o 

7. s;rsdm2oisiiff»-?-ca«t6nT^itt^ 



177 



f v *<oi/t. l/io. 4/15 * n-en-r *iT^*3fc 

i* « Jft iS 0 T *> 0 . B t <D E) flr & * <U~F\ m i 
4<B2»f 2©^^cEia*nn^. 3* i ft * 

l2lO c B2»^2Ctt. 3fc*iftifl S * * ( JU 

t, & & 0 * 3 > < u 

T , #aa»kvO) * Br £ <D & * (JUT* 

^gtol" * taii20c^t J: } c ;* * < SCSI) U -ir 
c <o£$<o3Ci!) tt ± £ £ft fl^ e * * * 

*3£ft<i^J3JW<o i/3{g<ora itQ fE i/5^.<ofg 

JW 4 (WT, 3 & 3 33 ifc /£ # . 5 * iK 33 « /£ # 

IS # o T ^ ft: . ifc. c<03l£$r/h£<1-£C 
25 i ttf i t32llff 2 k <z>lS)K!*-S c;f n 
wr & # * # # e ia u m f& ft Iff ffi * K * * n * fc 

5 nO ffl # S> o te ♦ 

o* ^%^o§i)!iti, M<o4>*^a:ftf3^- , srar£ 

* & H tt * B i © ® iff I* ? * . c<Di»lOl2llff 
Ifc^ t *§#3£tt 1" * & 2 O0jlTttf fc * £ U , 05 

tfl**CSaK«8&ft«8ftm-9-J!3Jifl© i/n ( n 



rana ¥3-48122 (2) 

n t ^ 5 . 

si a % c & u x # ^ -r a . c o is & ft it . m 

ittfi t 3* 2 ft * 2 t <o ffi *J £ ft c J: .9 T m I 

* i ao e 3E2ft-f-2^iga-r6^iaA«3!'ft-f^ 

:fccJ:0f§^5^iOtft'), * © 10) A< J& ^ 
e?*©gCft{I-£T?£>*. * ft: > c <o 2! ft fg -9- 
(i, *3fc8l#*lfc3i2t&-?2fc<offi*r) 3 a£ 

* ■» r * . tLT, ^<DS*fctiE3£i£*r2!ftfg- { 5' 
c*jRiuTfta«ai*«tT>Sft)nTVNi # 

iJii^oif ttii »^ i kgi2ft^2top»iPs 

tt" I © * » ) fgoraifllJ&»«rB>*^4» : fAJr- 

#*a!ft{3-9-**&*z fc # T- & * . 
( $ ft M ) 

( 0 jk & *a r$ ) t^^ia^t-c^iw^ 

o ft 49 * P/8 f6*ta(^ftT^6. 

©£l£#l?«>*&*«l£#i: 3 
178- 



§ u ? sk-t t & & en fcfc*. 

I* (x)- as In (lie x/P) ± As in (3-2 it x/P)*B 

(I) 

C*CflbTfc*tf2D*tf|iaUT*fc3fcfi©£ 

I B (x) -asin(2ft <x/P*l/6)) 

± Asin(3-2ft (x/P*t/6)) 
' -asin(2ff x/P* ff /3) 

± Asin(3-2ft x/P*rr ) (2) 

Vt^T* &1-®lhk » J F^2Bt *PJ05l/lC U T 
fSJ^ffl A^iSai" * «t K S-ft^SUARtf 2B5r 

ntf&jfcffifcJtoftUfcJlfcC/VQ. 3 jg& 31 & J# 

#tfte&*tiTS&ioiafc:^-r«fco & rs a o as ^ 
a uT*fc3fcfi«o£ft. ai^^(an^ic()() 

<oii«^t?&4 3S*iU[A^t 3^S33ifi^^t s 

l K (x)-asin(2ff x/P) ±A»sin (3-2ft x/P) 
± A.sln (5-2ff x/P)*B (J) 

Z n C *» U T #2 F.2G. 211* i8ifl ttlfc 

fciftoffifc. CP * ttffitt-* lr<»> .io<«> .UU) tt 

& ? W 2F.2G ,2IIA< ft T # 2EK *t U X * * * n 
P/B . P/I0,4P/15<a ffi *< T * T ^ 5 <D -C ft it (4) . 
(5) . (6) fc & . 



JSCS ¥3-48122 (3) 

& <« * i mcx&z vxTK + Mnw&m? $> 

**1Jaoi) t#igifl©tt t ^-5fsJiJS(fio^T-fiP2A 

tf x a ** e» n r n a . 

coiO^ffi^Cfe^tt). 35 I <o 3S & 04 T* i$ 
& m * 35 I 0 c # * * r m * M « Ift EI r- A 

w - to & m ft to & ^ * ft \s x ®w * $ w -r 

ft H n - ft S « ■ Ofc'v-*PTfc3&1-i8iflfifl (0 
^#19$) t #i3ifl6fl f 8S2E.2F.2G. 

ni^iBiot-ttcsa* nr^i. tit, l&^Rfl 

2F,2G t 2nfctfly-ffi|i2E*&ti*tT* t * ti ? tt <D & 

;fed<p/6.p/io.4p/i5-r n T ^ * . 

!r'(x) -asin (2 * (x/P*l/6) ) 

± A 3 sin (3 • 2 ft (x/P* I/6) ) 
± A»s in (5- 2 « (x/P* I/6) ) 
-as i n (2 it x/P* ft /3) 
± A, sin (3-2 ir x/P*ir ) 
± Assin (5-2 it x/P* 5 n /3) 

(4) 

!o(x)-asin (2 n (x/P*.l/IO)) 

± A 3 sin (3*2 ft (x/P*i/!0)) 
± A«sin (5-2n <x/P*l/lO)) 
•asin (2 /i x/P* ft /S) 
± A, sin (3-2n x/P* 3n /5) 
± A s sin (5*2n x/P*rt ) 

(5) 



-179- 



I„(x)-asln(2re (x/P*4/IS)) 

± A, sin (3-2re (x/PM/15)) 
± AssJn (5-2re (x/P**/l5)) 
-asin (2 re x/P* 8 re /IS) 
± A, sin (3 *2 n x/P*24re/l5) 
± A s s in (5-2 ir x/P* 8 it /I) 

(6) 

ifco-T* & J*^flJ2E.2F.2G.2H * R3 B5 IA b T 
I^I3feflA f iSiS1"&«fc 3 C U , &t»* 9S2E.2F.2G. 

ctnif ^^lt)ii»t//s; tc^f). 3 & ® M 



¥3-48122 (4) 

t-**2PT-i3ig-*-i2iAfi& (Ea^^tasn 2A* 

c ia w z a * j^6p*p/6 -f *ifciiJ2cEia$n 

ifiifi 1/ T 3fcffi<Dg£ffc. GP-fc^ftfl^U- (x)£ 
* O £ ifc 1? * * 25 * ffit/& # 3Zfc;g3iifcj£#K: 
US U TTjit k ft^ (?) £ * * . 

!*• (x)-asln <2rex/P)±Asin(3-2re x/P)*B 

(7) 

2A' C # U T {£ ffi A< P/B f ntl/>4«tD;^(8) 



Ia- (x)-asin (2 re (x/P*l/6)) 

± Asin (3-2 re (x/P*l/6))*B 

-asin (2 re x/P* re /3) 

± Asfn (3*2 ft x/P*rt )*B (6) 

(toT, igia&2A* fc&iaflP2B" k*RilHC 

j:^>t:u, &i8iasm* atf2D* $ri8iflut£fc 
ftiftbfccfcettQ. 3fci£33a&i£#tf*0&*n 

3&9iaca* ©a* a /« ■ — & s /< ■ o 

C <T> f$ 2E' 6 P*P/B ,2P*P/l0.3P*4P/l5-fn 

fc{aHe*n?nEa*nfci2iflap2r.2G'.2ir 

z<oJ;5frttj£c*^T, (H * i3 ifl © 2 e* * 

iHifl U T * fc fcftOXft . CP^SHam-^Ie- (x) V 



5 & 15 sH itt J& # C iff § U T T t ft it (9) i: * 
Z> • 

le (x)-asin (2 re x/P) ± A 3 sin (3 * 2 re x/P) 

± Asstn (S-2re x/P)*B (9) 

z:ncWUT&i8iaS52F'.2G'.2ir £ ig jfl b T 
£ 3fc ffi<Dffi<t. Blftffi(a<3^lr-<x).lo-Cx). 
I it - (x) (1 & i3 ifl Si 2 F ' ( 2G* .2 It' 4< & £fl 2 E ' C * J 

u t -e n -enp/B.p/]o.<p/is{2fi3 #r n r v> a <o 

V&X. (!0) .(II). (12) t U*. 

Ir- (x)-a$io(2 re (x/P*l/6)) 

± A, sin (3-2rc (x/P* J/6)) 
± Assin (5 -2 tt (x/P* 1/6) ) 
-as I n (2 re x/P* re /3) 
± A. sin (3*2 re x/P* rt ) 
± Assin (5 -2 re x/P* 5 n /3) 

(10) 



I 0 - (x)-a$in(2 tc (x/P*l/10)) 

± A, sin (3-2 re (x/PM/10)) 
± Assln (5-2* (x/PO/10)) 
-asin(27r x/P*n: /5) 
± A,s in (3 -2 ft x/P* 3 fi /5) 
± Assin (S*2rr x/P* w ) 

(II) 

I„. (x)-asin (2 n (x/P*4/15)) 

± A, sin (3-2ft (x/P*4/lS)) 
± A, sin (5*2ff (x/P*4/lS)) 
-asin (2 « x/P* Sit /IS) 
±A,sin (3-2 rr x/P*24 ir /I5) 
± A 4 s in (5* 2 n x/P* 8 ir /3) 

(12) 

it^T* &i8iflf$2E" ,2F' .20' .2H* * 1*1 ® tt C 
A^CU, ^iSia^E* ,2F" .20* ,2H* * i§ ifl U T 

tHfcasl'Ek 3* 3 ®tt**i<0 3lfef^i v a — ^ 

60tt*©tt*-«!©-«*3K*H. 8 7 0 tt * & 

-181 



1fI5n¥3-48122 (5) 
is-^fcffftcfc*****- ti/t. m a <o & *§ <o 

iS ifl fifl # i o<D&^F*scn*3?cE2taF*T^a<o 

* * , ±aiu/sB4<Dgi/i5«-ett(a[<a<orn* 
p/6 59 1 v *< » <h x «r -p/6- 0 - *p/6 1 ^ ^ -r 
n // 15 s * n a J: ^ cUT<*|s]«<oa&#*g-r 

i^i/fc^siawc^^ttt* 3 a & » « & # 
* 0 15 & mis (u<itfj)D»f s«)iijca*t'6 

& . 

I ••■ 20 I » * . 2 »• B 2 |» ^ . 2 A . 2 D . 2 C . 2 D . 
2E.2F.2G.2fl.2A*.2B*.2E l .2F'.2G'.2ir. — fft? > 

w . 3 ■» k m a: n $ * . 



iUfijijutJiA $ m = 



?§ Rl ¥3-48122 



M 



S 



5? 





oh 




m 




? 






\ V J 






K S S S S S S l^V^ 



l \ \ \ \ K K -\ W \ \ \ \ S3] 




CD 



+ 




issssssssssssss r 

ISSSSSSSXSSSSSS3 



-182- 



?$GS¥ 3-48122 (7) 




SI 
I* 



+ 



8 



is v v v v \ vrvn 



i s v v v v 



IS S S S S S WM" ^ v n n n v M 



.IS S S S S S Wsl 



JSSSSSSSS SJ lN"""^ 



IS S S S S S S33I<S 



IS S SSSS WW 



IS SSSSSWsl 



IS S S S S S S3S) 



IV V \ V V \ W Ml 



UJ 



V V V V V V VT^I 



V V V V V V \TT1 



\ \ v v v v v-m 



V VV V V V V V V I 



SSSSSSS33 
SSSSSSSS3J 



SSSSSSS SZ3 



WWWNSl 



v v v v v v v^m 



si 




-183- 



ft 153 ¥ 3-48122 <8) 




-184- 



